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ABSTRACT

A decurler to decurl a curled printing media being transported
into a release area, the decurler comprising: a) at least one
guide arm against which the printing media presses, posi-
tioned and adapted to bend the printing media along an axis
substantially in a direction of transport thereof; and b) a hinge
on which the guide arm 1s mounted, the hinge being oriented
at an angle of between 0.25 degrees and 20 degrees from
vertical, wherein a reaction force that the guide arm exerts on
the printing media 1s suitable for decurling the printing media.
Another decurler with a flexible strip which hangs down and
presses against a middle portion of the printing media.

28 Claims, 7 Drawing Sheets
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DECURLER AND STABILIZER FOR
LIGHT-WEIGHT PAPERS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application incorporates by this reference all subject
matter contained 1n PC'T Patent Application Serial No. PCT/

11.2003/000351, as filed on 30 Apr. 2003, and entitled
“Decurler and Stabilizer for Light-Weight Papers™. This PCT

application was published on 11 Nov. 2004 as International
Publication No. WO 2004/096562 Al.

FIELD OF THE INVENTION

The field of the invention 1s printers and copiers, and par-
ticularly decurling mechanisms.

BACKGROUND OF THE INVENTION

Handling of paper and other printing media 1n printers and
copiers often involves having the paper travel with or around
a roller. This generally occurs, for example, in printing an
image on paper using an impression roller, especially for
heated printing, as well as 1n some systems tlipping paper
over before printing a second side, or 1n tlipping over a two-
sided original page that 1s being copied, and 1n some systems
conveying paper from an iput tray to an output tray. Because
paper tends to retain 1ts curl to some extent after it 1s passed
around a roller, printers and copiers use various methods of
decurling paper, so that the final printed page, as well as the
original paper being copied 1n a copier, 1s flat. U.S. Pat. No.
5,450,102, to Ishida et al, describes a decurling mechanism
for a printer 1n which paper 1s decurled by bending it around
a roller 1n the opposite direction from the direction 1n which 1t
acquired 1ts curl, but along the same axis.

Other printers decurl paper by bending 1t along an axis
orthogonal to the original axis along which 1t was curled. For
example, guides, mounted on walls to the sides of the paper,
press against the paper from the sides, bending the paper as 1t
falls into an output area. In some printers, the reaction force of
the paper on the guides pushes the guides out of the way,
thereby limiting the force that the guides exert on the paper. In
some of these printers, there are counter-weights on the
guides, so that the guides swing back up, to press against the
next sheet of paper, after the paper falls into the output area.
If the counter-weights nearly balance the weight of the
guides, then the force required to push the guides out of the
way 1s very small, and the guides exert only a very small force
to bend the paper. Such an arrangement may be advantageous
particularly when the paper 1s very light-weight and bends
casily. However, the counter-weights take up room.

SUMMARY OF THE INVENTION

An aspect of an embodiment of the invention concerns a
decurler with guides which push against the sides of a paper,
bending 1t along an axis orthogonal to the axis along which 1t
acquired its curl, thereby decurling 1t. In some embodiments
of the invention, this decurling occurs as the paper 1s falling
into an output area, for example an output tray, or an area from
which the paper 1s conveyed to another location for further
printing or processing. The guides are dynamic guides,
pushed out of the way by the paper, and swinging back when
the paper has passed, so that the guides are in position to
decurl the next paper. Instead of using counter-weights as 1n
some of the prior art, the dynamic guides are mounted on
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hinges which have an axis that 1s oriented at an angle slightly
different from vertical. This arrangement takes up less space
and has fewer parts than guides which use counter-weights.
Because the hinges are nearly vertical, only a small force 1s
needed to push the dynamic guides out of the way, so the
guides exert only a small force on the paper when bending 1t.
The guides can be pushed out of the way by a force that 1s
approximately equal to the weight of each guide, times the
angle that the hinge 1s oriented away from vertical. The low
force of the dynamic guides 1s suitable for decurling light-
weight paper. The best angle to use for the axis of the hinge
depends on the length and shape of the guide and on the
weilght, dimensions and composition of the paper or other
printing media, and 1s optionally determined experimentally.

An aspect of some embodiments of the invention concerns
a strip which 1s attached at one end to a wall above the back of
an output area where paper 1s dropped. The other end of the
strip hangs down 1nto the path of the paper. As the paper 1s
brought from the back of the output area 1nto a position above
the output area, the paper lifts up the free end of the strip. As
a trailing portion of the paper starts to fall down towards the
output area, and especially when a leading portion of the
paper 1s released, for example by releasing a suction system,
the free end of the strip pushes down against the trailing
portion of the paper, pushing the paper down to the output
area. This prevents a problem, which can occur with light-
weight paper, that the paper floats down too slowly and has
time to become folded over as it falls, for example due to air
currents.

Optionally, there are guides, and the hanging strip pushes
the paper against the guides, to decurl the paper. Optionally,
the guides are dynamic guides, optionally mounted on hinges
at a small angle away from the vertical, so that the guides
move out of the way easily. Then the hanging strip can push
the paper down with more force, without the strip tearing the
paper or bending 1t too sharply. In some embodiments of the
invention and for some grades ol paper, the extra force exerted
on the paper by the strip, beyond the weight of the paper, 1s
optimal for decurling the paper. The hanging strip and the
off-vertical hinged dynamic guides thus work particularly
well when used together, but they can also be used separately.

There 1s thus provided, in accordance with an embodiment
of the invention, a decurler to decurl a curled printing media
being transported into a release area, the decurler comprising;:

a) at least one guide arm against which the printing media

presses, positioned and adapted to bend the printing
media along an axis substantially in a direction of trans-
port thereot; and

b) a hinge on which the guide arm 1s mounted, the hinge

being oriented at an angle of between 0.25 degrees and
20 degrees from vertical,
wherein a reaction force that the guide arm exerts on the

printing media 1s suitable for decurling the printing
media.

Optionally, the guide arm 1s mounted so that 1t remains 1n
an equilibrium position to recerve the printing media when
there 1s no force on the guide arm, but the guide arm swings on
the hinge away from the equilibrium position when the print-
ing media presses vertically on the guide arm.

In an embodiment of the invention there 1s a second guide
arm, and the two guide arms exert substantially equal forces
on the printing media on opposite edges thereol, thereby
bending it.

Optionally, the two guide arms are substantially mirror
images ol each other.
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Optionally, the force that the guide arm exerts on the print-
ing media 1s exerting on a trailing portion of the printing
media.

Optionally, the guide arm includes a substantially flat con-
tact surface, and the printing media presses against the con-
tact surface when 1t presses against the guide arm.

In an embodiment of the invention, the guide arm 1s at least
twice as long along a longest axis thereof as it 1s wide across
any axis perpendicular to the longest axis.

Optionally, the guide arm 1s at least five times as long along
the longest axis thereof as 1t 1s wide across any axis perpen-
dicular to the longest axis.

Optionally, the longest axis 1s oriented at an angle to the
vertical, for any position of the guide arm as it swings on the
hinge.

Optionally, the angle of orientation of the long axis to the
vertical 1s between 20 and 50 degrees, for any position of the
guide arm as i1t swings on the hinge.

Optionally, the surface of the guide arm 1s smooth enough
where the printing media presses against said surface so that
the guide arm does not abrade the printing media.

Optionally, the guide arm has an L-shaped cross-section
transverse to i1ts longest axis.

In an embodiment of the invention, the hinge comprises an
upper socket, an upper pin which {its into the upper socket, a
lower socket, and a lower pin which fits into the lower socket,
and the upper and lower pins are substantially collinear, and
oriented at the angle from the vertical at which the hinge 1s
oriented.

Alternatively, the hinge comprises an upper socket, an
upper pin which fits into the upper socket, a lower socket, and
a lower pin which fits into the lower socket, and the upper and
lower pins are oriented substantially vertically, and displaced
laterally from each other by a distance such that a line passing
through both pins 1s oriented at the angle from the vertical at
which the hinge in oriented.

Optionally, the angle from the vertical at which the hinge 1s
oriented 1s less than or equal to 1 degree.

Alternatively, the angle from the vertical at which the hinge
1s oriented 1s between 1 and 2 degrees.

Alternatively, the angle from the vertical at which the hinge
1s oriented 1s between 2 and 5 degrees.

Alternatively, the angle from the vertical at which the hinge
1s oriented 1s greater than 5 degrees.

Optionally, the guide arm 1s less than or equal to 40 mm
long 1n its longest dimension.

Alternatively, the guide arm 1s between 40 mm and 80 mm
long 1n 1ts longest dimension.

Alternatively, the guide arm 1s between 80 and 120 mm
long 1n its longest dimension.

Alternatively, the guide arm 1s greater than 120 mm long 1n
its longest dimension.

Optionally, the guide arm has a mass less than or equal to 1
gram.

Alternatively, the guide arm has a mass between 1 and 2
grams.

Alternatively, the guide arm has a mass between 2 and 5
grams.

Alternatively, the guide arm has a mass between S and 10
grams.

Alternatively, the guide arm has a mass between 10 and 20
grams.

Alternatively, the guide arm has a mass greater than 20
grams.
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Optionally, the guide arm can swing on 1ts axis only over a
limited range that does not include a position at which the
guide arm has a local minimum in gravitational potential
energy.

Optionally, there 1s a flexible strip which hangs down and
pushes against a middle portion of the printing media as 1t
moves 1n the feed direction, causing the printing media to
bend along an axis substantially parallel to the direction of
transport.

There 1s thus also provided, 1n accordance with an embodi-
ment of the invention, a decurler to decurl a curled printing
media as 1t moves 1n a direction of transport toward a release
area 1n a printer or copier, comprising a flexible strip which
hangs down and pushes against a middle portion of the print-
ing media as it moves 1n the feed direction, causing the print-
ing media to bend along an axis substantially parallel to the
direction of transport.

Optionally, the strip pushes against a trailing portion of the
printing media.

Optionally, there 1s at least one other strip which hangs
down and pushes against the middle portion of the printing
media as 1t moves 1n the direction of transport, causing the
printing media to bend along an axis substantially parallel to
the direction of transport.

Optionally, the strip has a thickness between 0.05 mm and
0.15 mm.

Alternatively, the strip has a thickness between 0.15 mm
and 0.25 mm.

Alternatively, the strip has a thickness between 0.25 mm
and 0.8 mm.

Optionally, the strip has a width between 3 mm and 8 mm.

Alternatively, the strip has a width between 8 mm and 16
mm.

Alternatively, the strip has a width between 16 mm and 40
mm.

In an embodiment of the mvention, the strip 1s made of
steel.

Optionally, the strip 1s made of spring stainless steel.

Alternatively, the strip 1s made of tempered tool steel.

There 1s thus further provided, in accordance with an
embodiment of the invention, a printer or copier for printing
an 1mage on a printing media, comprising;:

a) a roller which imparts a curl to the printing media;

b) a release area;

¢) a transport mechanism which transports the printing

media from the roller to the release area; and
d) a decurler according to the invention, which decurls the
printing media as 1t 1s transported 1nto the release area.

Optionally, the transport mechanism comprises at least one
suction arm with a suction cup at its end, which at least one
suction arm picks up the printing media from a pick-up posi-
tion above the release area, swings the paper to a release
position above the release area, and releases the paper at the
release position so that 1t falls into the release area.

Optionally, the at least one suction arms passes to one side

of each of the at least one strips as the at least one suction arms
swing around.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are described 1n
the following sections with reference to the drawings. The
drawings are generally not to scale and the same or similar
reference numbers are used for the same or related features on
different drawings.
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FIG. 1A 1s a side cross-sectional view of a printer, showing,
a paper recerving an image on an impression roller, according

to an exemplary embodiment of the invention;

FIGS. 1B, 1C, and 1D show the paper at three successive
times after the time of FI1G. 1A, as the paper 1s transported to
an output area, according to the same embodiment of the
invention as FIG. 1A;

FIG. 2 1s a perspective view of the paper and output area
shown 1n FIG. 1D, also showing a decurler;

FIG. 3 1s a perspective view of a dynamic guide with a
hinge mounted on a bracket, according to an embodiment of
the invention; and

FIG. 4 1s a perspective view of a dynamic guide with a
hinge mounted on a bracket, according to another exemplary
embodiment of the invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FIG. 1A, a cross-sectional view of a printer seen from the
side, shows an intermediate transter member 100 1imprinting
an 1mage on a paper 102 pressed against an impression roller
104. The heat and pressure exerted on paper 102 by interme-
diate transter member 100 1mparts a curl to paper 102, 1n the
same direction as the surface of impression roller 104. A
suction arm 106 rotates, with 1ts end following a circular path
108. At the time shown 1n FIG. 1A, suction arm 106 has just
pulled a leading portion of paper 102 oif roller 104, and has
started to swing paper 102 in a clockwise direction around
circular path 108.

In addition to suction arm 106, there i1s also a second
suction arm 110, which picks up the paper from suction arm
106, and which rotates counter-clockwise at the same angular
rate as suction arm 106, and whose end follows a circular path
112. Finally, there 1s a third suction arm 114, which picks up
the paper from suction arm 110, and which rotates clockwise
at the same angular rate as suction arms 106 and 110, and
whose end follows circular path 116. Suction arm 114 drops
paper 102 into an output area 118. Optionally, output area 118
1s an output tray. Alternatively, paper 1s conveyed from output
arca 118 to another location for further processing, for
example for printing the other side of the paper.

FIG. 1A also shows a decurler 120, a wall 122, a strip 124
and a rotational guide 125. These parts and their function are
described below. Alternatively, one or more of decurler 120,
strip 124 or rotational guide 1235 are not present. Alternatively
decurler 120 1s a decurler according to the prior art.

Optionally, the three suction arms do not all rotate at the
same angular rate. However, 1f their rotation rates at least have
ratios that are the ratios of small integers, then the suction
arms will periodically align at the proper points for transier-
ring the paper from one suction arm to another. In a particular
example of the invention, the ratios of the diameters of rollers
104, circle 108, circle 112 and circle 116 1s 1:2:2:3.

Generally, each suction arm shown 1n the drawing repre-
sents a plurality of suction arms lined up in a direction normal
to the plane of the drawing. Optionally, one or two of the
suction arms shown 1n FIG. 1A are not present, and the paper
1s transierred directly from the impression roller to suction
arm 114, for example. However, having three suction arms, or
three sets of suction arms, as shown 1 FIG. 1A, gives the
paper time to cool off, and the ink time to dry, before the paper
reaches the output area. Optionally, there are even more than
three suction arms or sets of suction arms. Optionally, the
operator has easy access to the paper path between 1mpres-
sionroller 104 and output area 118, and can visually check the
printed 1mages betfore the paper reaches output area 118.
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Optionally, instead of one or more of the suction arms
shown in FIG. 1A, there 1s a roller whose cross-section fills up
the 1nterior of the corresponding circular path, or part of the
interior. If one of the suction arms 1s replaced by a roller, then
optionally there 1s still a suction system holding the paper to
that roller. Alternatively or additionally, there are grippers
holding the paper to that roller. Optionally, even if there are
suction arms rather than rollers, there are circular rims at one
or both edges of the paper, and/or at one or more locations 1n
the middle of the paper, which guide the paper to follow one
or more of the circular paths. PCT publications WO 01/34397
and WO 01/56802 describe examples of using rollers for
transporting paper.

FI1G. 1B shows suction arms 106, 110 and 114 about three-
quarters of a turn later. Suction arm 110 has just passed
suction arm 106, and has picked up a leading portion 126 of
paper 102 from suction arm 106, and started to swing the

leading portion of paper 102 around circular path 112.
FIG. 1C shows suction arms 106, 110, and 114 about

two-thirds of a turn after the time of FIG. 1B. Arms 110 and
114 have just passed each other, and leading portion 126 of
paper 102 has been transferred from arm 110 to arm 114,
which starts to swing the leading portion of the paper around
circular path 116. As indicated above, the mechanism option-
ally includes strip 124, and rotational guide 125 attached to
wall 122.

Although 1t looks 1n FIG. 1C as 1t strip 124 1s interposed
between suction arm 114 and paper 102, and strip 124 inter-
teres with rotational guide 125, 1n fact the strip, the rotational
guide, and suction arm 114 are in different planes parallel to
the plane of the drawing. All three elements are directly in
contact with the paper, at different positions along the width
of the paper. Optionally, as noted above, there are a plurality
of arms 114 aligned across the width of paper 102, and 1n this
case, strip 124 and rotational guide 125 are between two of
them. Optionally, there are also a plurality of strips 124 and
rotational guides 1235, which, for example, alternate across a
part of the width of paper 102 with the plurality of arms 114.
The function of rotational guide 125 1s to control the curva-
ture of the paper as it moves along circle 116. The function of
the strips 1s described below, after the description of FIG. 4.

FI1G. 1D shows suction arms 106, 110 and 114 about half of
a turn later. When suction arm 114 passes point 128, shortly
before the time shown 1n FIG. 1D, suction arm 114 lets go of
the leading portion of paper 102. At the time shown 1n FIG.
1D, paper 102 has started to fall down toward output arca 118.
Paper 102 still has the curl imparted to 1t by impression roller
104, and this 1s visible in the leading portion 126 of paper 102,
which 1s curled downward. As paper 102 {falls, a trailing
portion 130 of paper 102 goes past decurler 120, which bends
the sides of the paper upward, along an axis 1n the plane of the
drawing, which 1s orthogonal to the axis (normal to the plane
of the drawing) along which the paper 1s curled.

Optionally, the paper hits a paper stop 121 and falls into
tray 118, where 1t 1s pushed against alignment stop 119. The
construction of a preferred embodiment of this part of the
system 1s described 1n more detail 1n a concurrently filed PCT
application entitled “Paper Stop”, the disclosure of which 1s
incorporated by reference. Alternatively, a paper tray and stop
according to the prior art can be used.

FIG. 2 1s a perspective view of the same scene as shown 1n
FIG. 1D, looking somewhat downward toward falling paper
102, output area 118, and decurler 120, from a point of view
near the bottom of circular path 112. Note that leading portion
126 of paper 102 still shows the curl of the paper acquired
from roller 104 in FIG. 1A. For clanty, suction arm or arms
114, and strip 124, are not shown. Decurler 120 includes
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dynamic guides 210 and 212, one on each side of output area
118. As paper 102 falls toward output area 118, the sides of
trailing portion 130 of the paper press against dynamic guides
210 and 212, which project into the space beneath paper 102,
causing trailing portion 130 to bend along an axis orthogonal
to the axis of the curl which paper 102 acquired from impres-
sion roller 104, and 1n a direction opposite to the direction of
the curl. This bending causes the paper to decurl, while falling,
into output area 118.

In an embodiment of the invention, dynamic guide 210 has
a hinge 214, which 1s mounted on a bracket 216, which 1is
attached to a wall 218 on one side of output area 118. Simi-
larly, dynamic guide 212 has a hinge 220 which 1s mounted on
bracket 222, attached to a wall 224 on the side of output area
118 opposite to wall 218. Hinges 214 and 220 both have axes
that are displaced by a small angle from the vertical. The
angle 1s exaggerated 1n FI1G. 2, as well as 1n FIGS. 3 and 4, for
clanty.

When paper 102 presses against dynamic guides 210 and
212, they swing on their hinges toward the walls they are
mounted on, moving away Irom each other and allowing
paper 102 to fall into output area 118. Because of the tilt of the
ax1is ol hinge 214 and hinge 220, dynamic guides 210 and 212
swing back away from walls 218 and 224, towards the center
of output area 118, after paper 102 has fallen down and no
longer presses against them, ready to receive the next paper.
Because the hinge axes are tilted at only a small angle, little
force 1s required to push dynamic guides 210 and 212 away.
Thus, dynamic guides 210 and 212 exert only a small reaction
force on paper 102. This small force 1s appropriate for decurl-
ing a very light-weight paper.

Optionally, there 1s only one dynamic guide, which presses
against only one side ol paper 102, bending 1t and decurling 1t.
Optionally, 1n this case, an opposing force on the other side of
paper 102 1s provided by inertia, or friction, or by paper 102
leanming against the wall, or a fixed guide, on the other side.
However, using two dynamic guides symmetrically arranged,
as shown 1n FIG. 2, has the potential advantage of allowing
the paper to stack more evenly, preventing paper jams.

FIG. 3 1s a closer view showing an embodiment of dynamic
guide 210 with hinge 214 mounted 1n bracket 216. Bracket
216 has an upper pin 308 and lower pin 310 which {it respec-
tively 1nto an upper pin holder 312 and lower pin holder 314
on hinge 214. Alternatively, one or both of the pins are part of
hinge 214, and the corresponding one or both pin holders are
part of bracket 216. Alternatively, the hinge and bracket are
joined 1n any other way that allows the hinge to swing.

In the embodiment of FIG. 3, the axis 316 of pins 308 and
310 1s not oriented vertically, but at a small angle to the
vertical, for example about 2 degrees. The angle shown in
FIG. 3 1s exaggerated, for clarity. Alternatively, axis 316 i1s
oriented at about 0.5 degrees to the vertical, or at about 1
degree, or at about 3 degrees, or at about 5 degrees, or at about
10 degrees, or at any smaller, intermediate, or larger angle.
The best angle to use for axis 316 depends on the length and
shape of the guide and on the weight, dimensions and com-
position of the paper or other printing media, and 1s optionally
determined experimentally.

The horizontal force needed (in a direction normal to the
wall) to push dynamic guide 210 toward the wall 1s approxi-
mately equal to the weight of dynamic guide 210 times the
small angle that axis 316 makes to the vertical, and this force
1s approximately independent of the position of dynamic
guide 210 as 1t swings around axis 316. Thus, there 1s an upper
limit to how much horizontal force dynamic guides 210 and
212 exert on the paper, as the paper falls to the output area. For
example, 1f each dynamic guide has a mass of about 5 grams,

5

10

15

20

25

30

35

40

45

50

55

60

65

8

and hence a weight of about 0.05 newtons, and 11 each axis
316 1s oriented at an angle of about 2 degrees (about Y30 of a
radian) from vertical, then the dynamic guides will not exert
a force of more than about 0.0017 newtons {from each side,
about V30 of their weight. This calculation neglects the nertia
of the dynamic guides, but if the dynamic guides are accel-
erating to the sides at much less than 0.3 m/s>, then the inertial
force can be neglected. Alternatively, the mass of each of
dynamic guides 210 and 212 1s about 1 gram, or 2 grams, or
10 grams, or 20 grams, or 50 grams, or less than 1 gram, or
more than 50 grams, or any intermediate mass. The optimum
mass to use for a given weight of paper or other printing media
1s optionally determined experimentally. Although the two
dynamic guides need not have the same mass, using mirror
image guides of the same mass and shape will result 1n sym-
metric forces being exerted on the paper from both sides,
which has the potential advantage of allowing the paper to
stack more evenly, avoiding paper jams.

Optionally, instead of pins 308 and 310 being coaxial with
ax1is 316 which is oriented obliquely, upper pin 308 and lower
pin 310 are each oriented vertically, but they are displaced
slightly from each other laterally, and the same is true of pin
holders 312 and 314. This 1s shown in F1G. 4, where the lateral
displacement between the upper and lower pins 1s exagger-
ated, for clarity. When there are two dynamic guides as 1n
FIG. 2, this configuration 1s optionally used for one or both
dynamic guides. As long as the pins do not fit too snugly nto
the pin holders, then dynamic guide 210 will be free to swing
back and forth, although, as 1t swings, the upper and lower
pins will not remain vertical, but will be forced to tilt.
Depending on how loose the fit 1s between the pins and the pin
holders, the pins may start to rub against the pin holders as
they tilt, limiting the motion of dynamic guide 210. Option-
ally, the fit between the pins and the pin holders 1s chosen so
that dynamic guide 210 has a limited range of motion, or so
that a higher force 1s required to move dynamic guide 210 past
a certain angle. If the pins and pin holders are fit loosely
enough so that they do not rub at a given angle of dynamic
guide 210, then the force required to move dynamic guide 210
towards the wall with the configuration of FIG. 4 1s approxi-
mately the same as it would be with the configuration of FIG.
3, when a line passing through pins 308 and 310 makes the
same angle to the vertical.

Alternatively or additionally, a stop, not shown 1n FIG. 3 or
4, 1s used to prevent dynamic guide 210 from moving past a
certain angle, 1n either FI1G. 3 or FIG. 4. The allowed range of
motion of dynamic guide 210 affects the properties of the
decurler (as do 1ts mass and the tilt of its axis), because 1t
alfects how much the paper will be bent, and with how much
force, as 1t falls down 1nto the output area.

Optionally, a stop 1s also used to prevent dynamic guide
210 from reaching an angle where 1ts gravitational potential
energy 1s at a mmimum. From such an angle, the dynamic
guide will be unstable to a force pushing it toward axis 316,
since 1t will swing quickly 1n one direction or the other with
only a small change in the direction of the force. If the
decurler operated with dynamic guide 210 at such an unstable
angle, 1ts behavior might be unpredictable.

As shown 1n FIGS. 3 and 4, the surface 318 of dynamic
guide 210 which pushes against the paper as 1t falls has a
normal direction which 1s not 1n the plane of hinge 214, but
oblique to 1t, as well as being oblique to the vertical. Option-
ally, the orientation of surface 318 is chosen so that the force
exerted by dynamic guide 210 on the paper has a certain
desired magnitude and direction, possibly changing as the
paper falls, and as dynamic guide 210 swings toward the wall.
Alternatively, the normal to surface 318 1s 1n the plane of
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hinge 214, or 1s perpendicular to the vertical (1.e. surface 318
1s vertical rather than oblique). A possible advantage to sur-
face 318 being oblique 1s that initially, only the tip ol the paper
will just touch surface 318, and the paper will not exert
enough force to move dynamic guide 210 significantly. As the
paper falls, 1t will be decurled by the angle of surface 318. As
the paper continues to fall, more of the paper will be in contact
with surface 318, and the paper will exert enough force to
push dynamic guide 210 toward the wall.

Optionally, dynamic guide 210 has an L-shaped cross-
section, and the corner of the L 1s the first part of the dynamic
guide to touch the paper as 1t falls. This configuration, with an
edge that 1s not too sharp, has the potential advantage that the
paper does get abraded as it falls. Optionally, other cross-
sectional shapes without sharp edges are used. Another poten-
tial advantage of an L-shaped cross-section, or other shapes
such as an I-beam cross-section, as opposed to a flat cross-
section, 1s that it gives the dynamic guide additional stifiness,
even 1f 1t 1s made very thin in order to keep 1ts weight low.
Alternatively, the dynamic guide has a flat cross-section, but
has smooth enough edges so that they do not abrade, and 1s
thick enough so that 1t 1s not too flexible.

FIGS. 1A and 1B show strip 124 hanging down from wall
122, between circular paths 112 and 116. As noted above,
strip 124 1s not 1n the same plane as suction arms 110 and 114
and guide 125, but 1s behind them or 1n front of them, from the
point of view of FIGS. 1A-1D, and strip 124 does not interfere
with suction arm 114 picking up paper 102 from suction arm
110. FIG. 1C shows paper 102 starting to go around circular
path 116 after the leading portion of paper 102 has been
released by suction arm 110 and picked up suction arm 114.
Because the leading portion of paper 102 1s below strip 124,
the leading portion of paper 102 lifts up strip 124 as paper 102
starts to go around path 116. As paper 102 continues around
path 116, strip 124 pushes down against paper 102, first
against the leading or middle portion of the paper, and then
against the trailing portion.

After the leading portion of paper 102 1s released by suc-
tion arm 114, and paper 102 starts to fall toward output area
118, as shown 1 FIG. 1D, strip 124 continues to push down
on trailing portion 130 of paper 102. Strip 124 thus overcomes
any tendency of the paper to stick to guides 125. However, 1t
should not be so heavy that it pulls the paper away from
guides 125 prematurely or scratches images on the paper. It
should be noted that for lightweight paper, static electricity on
the paper can be effective to provide considerable attachment
force, to guides 125 which the weight of the paper 1s too small
to overcome.

If strip 124 does not extend across the whole width of the
paper, but only across a middle portion of the width of the
paper, then strip 124 will tend to bend paper 102 1n the same
way as dynamic guides 210 and 212, helping to decurl 1t even
before suction arm 114 releases paper 102. After suction arm
114 releases paper 102, strip 124 helps to push trailing portion
130 of paper 102 against dynamic guides 210 and 212. In the
case where the paper 1s very light weight, this prevents the
paper from floating down slowly, which might result in the
paper folding over as 1t falls, or detlecting to the side, due to
air currents for example, and causing the paper to crease after
it reaches output area 118, for example from the weight of
additional sheets of paper that fall on top of 1t, or causing the
paper to be improperly aligned in output area 118. Strip 124
optionally serves this purpose even if there 1s no decurler
present, or 11 the decurler 1s of a kind known 1n the prior art,
fixed or dynamic, rather than the kind shown 1n F1IGS. 2,3 and
4.
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The length of strip 124 1s preferably such that the strip 1s
pushing against the paper when the paper 1s released and hits
the stop. Optionally the end of the strip overlaps the trailing
edge of the paper by about 2 ¢cm at this time. The strip then
pushes the trailing edge down, at the same time as the leading
edge falls into the tray.

Optionally, the weight per length and the stifiness of strip
124, and the location of the bottom of strip 124 when 1t 1s
hanging down, are chosen so that the force with which strip
124 pushes paper 102 against dynamic guides 210 and 212,
and/or the force with which strip 124 pushes down paper 102
betore suction arm 114 releases paper 102, 1s appropriate for
decurling the paper used and for removing the paper from
guide 125.

Optionally, strip 124 1s light enough so that it 1s does not
scratch, crease or tear the paper when 1t pushes against the
paper, and 1t does not pull the paper off suction cups 114 or
guide 125 before suction cups 114 are in position to release
the paper. For example, strip 124 1s 0.2 mm thick, 12 mm
wide, and made of AISI 302 stainless spring steel, or tem-
pered SAE 1070 tool steel. Alternatively, strip 124 1s 0.1 mm
thick, or 0.4 mm thick, or has another thickness, and/or strip
124 1s 25 mm wide, or 6 mm wide, or has another width,
and/or strip 124 1s made of another kind of steel, or another
metal, or plastic, or another material. Optionally, 11 strip 124
1s made ol a material of a different density or a different
clastic modulus than spring steel or tool steel, then its thick-
ness and/or width are adjusted from the values mentioned
above so that strip 124 exerts approximately the same force on
the paper. Alternatively, strip 124 exerts a greater force or a
smaller force on the paper than 1t would with this composition
and these dimensions, depending on the lightest paper for
which it 1s designed.

Although this description and the claims refer sometimes
to paper, the mvention may also be used with any other
printing media, and the claims cover the apparatus and the
method when any printing media 1s used. The mvention has
been described in the context of the best mode for carrying 1t
out. It should be understood that not all features shown in the
drawings or described 1n the associated text may be present 1n
an actual device, 1n accordance with some embodiments of
the invention. Furthermore, variations on the method and
apparatus shown are included within the scope of the mven-
tion, which 1s limited only by the claims. Also, features of one
embodiment may be provided in conjunction with features of
a different embodiment of the invention. As used herein, the
terms “have”, “include” and “comprise” or their conjugates
mean “including but not limited to.”

The invention claimed 1s:

1. A printer or copier for printing an 1mage on a printing
media, comprising:

a roller which imparts a curl to the printing media;

a transport mechanism which transports the printing media

from the roller 1into a release area; and

a decurler that decurls the printing media as the printing

media 1s allowed to drop under influence of gravity into

the release area, the decurler comprising;

1) at least one guide arm against which the printing media
presses as 1t falls thereby deflecting the at least one
guide arm upward against the influence of gravity;
and

11) a hinge on which the guide arm 1s mounted, the hinge
having an axis about which said guide arm pivots, the
axis being oriented at an angle of between 0.25
degrees and 20 degrees from vertical,

wherein a force that the guide arm exerts on the printing

media 1s suitable for decurling the printing media.
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2. A printer or copier according to claim 1, wherein the
guide arm 1s mounted so that i1t remains 1n an equilibrium
position to receive the printing media when there 1s no force
on the guide arm, but the guide arm swings on the hinge away
from the equilibrium position when the printing media
presses vertically on the guide arm.

3. A printer or copier according to claim 1, and including a
second guide arm, wherein the two guide arms exert substan-
tially equal forces on the printing media on opposite edges
thereot, thereby bending 1t.

4. A printer or copier according to claim 3, wherein the two
guide arms are substantially mirror 1images of each other.

5. A printer or copier according to claim 1, wherein the
force that the guide arm exerts on the printing media 1s exert-
ing on a trailing portion of the printing media.

6. A printer or copier according to claim 1, wherein the
guide arm includes a substantially flat contact surface, and the
printing media presses against the contact surface when it
presses against the guide arm.

7. A printer or copier according to claim 6, wherein the
surface of the guide arm 1s smooth enough where the printing
media presses against said surface so that the guide arm does
not abrade the printing media.

8. A printer or copier according to claim 1, wherein the
guide arm 1s at least twice as long along a longest axis thereof
as 1t 1s wide across any axis perpendicular to the longest axis.

9. A printer or copier according to claim 8, wherein the
guide arm 1s at least five times as long along the longest axis
thereot as 1t 1s wide across any axis perpendicular to the
longest axis.

10. A printer or copier according to claim 8, wherein the
longest axis 1s oriented at an angle to the vertical, for any
position of the guide arm as 1t swings on the hinge.

11. A printer or copier according to claim 10, wherein the
angle of orientation of the long axis to the vertical 1s between
20 and 50 degrees, for any position of the guide arm as 1t
swings on the hinge.

12. A printer or copier according to claim 8, wherein the
guide arm has an L-shaped cross-section transverse to its
longest axis.

13. A printer or copier according to claim 1, wherein the
hinge comprises an upper socket, an upper pin which fits into
the upper socket, a lower socket, and a lower pin which fits
into the lower socket, and the upper and lower pins are sub-
stantially collinear, and oriented at the angle from the vertical
at which the hinge 1s oriented.

14. A printer or copier according to claim 1, wherein the
hinge comprises an upper socket, an upper pin which fits ito
the upper socket, a lower socket, and a lower pin which {fits
into the lower socket, and the upper and lower pins are ori-
ented substantially vertically, and displaced laterally from
cach other by a distance such that a line passing through both
pins 1s oriented at the angle from the vertical at which the
hinge 1n orented.

15. A printer or copier according to claim 1, wherein the
angle from the vertical at which the hinge 1s oriented 1s less
than or equal to 1 degree.
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16. A printer or copier according to claim 1, wherein the
angle from the vertical at which the hinge 1s oriented 1s
between 1 and 5 degrees.

17. A printer or copier according to claim 1, wherein the
angle from the vertical at which the hinge 1s oriented 1s greater
than 5 degrees.

18. A printer or copier according to claim 1, wherein the
guide arm 1s less than or equal to 40 mm long 1n 1ts longest
dimension.

19. A printer or copier according to claim 1, wherein the
guide arm 1s between 40 mm and 120 mm long in 1ts longest
dimension.

20. A printer or copier according to claim 1, wherein the
guide arm has a mass less than or equal to 1 gram.

21. A printer or copier according to claim 1, wherein the
guide arm has a mass between 1 and 5 grams.

22. A printer or copier according to claim 1, wherein the
guide arm has a mass between 5 and 20 grams.

23. A printer or copier according to claim 1, wherein the
guide arm has a mass greater than 20 grams.

24. A printer or copier according to claim 1, wherein the
guide arm can swing on 1ts axis only over a limited range that
does not include a position at which the guide arm has a local
minimum in gravitational potential energy.

25. A printer or copier according to claim 1, wherein the
sheet entering the decurler 1s curled 1n a direction perpendicu-
lar to the direction of bending.

26. A printer or copier according to claim 1, wherein the
transport mechanism comprises at least one suction arm with
a suction cup at 1ts end, which at least one suction arm picks
up the printing media from a pick-up position above the
release area, swings the paper to a release position above the
release area, and releases the paper at the release position so
that 1t falls 1into the release area.

277. A printer or copier according to claim 1, and including,
a flexible strip which hangs down and pushes against amiddle
portion of the printing media as 1t moves 1n the feed direction,
causing the printing media to bend along an axis substantially
parallel to the direction of transport.

28. A method of decurling a sheet ejected from an 1imager
comprising;

a) ejecting the sheet 1n a generally horizontal direction,

while allowing 1t to fall vertically; and

b) providing at least one guide arm mounted on a hinge, the

guide arm being oriented at an angle of between 0.25
degrees and 20 degrees from vertical,

¢) positioning the guide arm so that the sheet falls on the at

least one guide arm and by 1ts weight causes the arm to
rotate about the hinge, such that the printing media 1s
bent along an axis substantially 1n said transport direc-
tion, the reaction force that the guide arm exerts on the
printing media being suitable for decurling the printing
media.
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